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Related Applications

This is a continuation-in-part patent application
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937,324 filed August 31, 1992 which is a continua-

tion-in-part patent application of patent application

Serial No. 822,478 filed January 17, 1992.

Field of the Invention

This invention relates to an improved drive mech-

anism for surgical instruments. More specifically, this

invention relates to an improved drive mechanism for

endoscopic instruments which reduces the amount of

force which a surgeon must apply or use during a sur-

gical procedure and in certain embodiments im-

proves the access of the instrument within the surgi-

cal environment.

Background of the Invention

Endoscopic surgery has been gaining wide ac-

ceptance as an improved and cost effective techni-

que for conducting certain surgical procedures. In en-

doscopic surgery, a trocar which is a pointed piercing

device, is sent into the body with a cannula placed

around the trocar. After the trocar accomplishes

piercing of the abdominal walls, it is removed and the

cannula remains in the body. Through this cannula,

endoscopic procedures are possible. Often, multiple

openings are produced in the body with a trocar so

that an endoscopic instrument may be placed in one

cannula, appropriate viewing mechanisms placed in

another cannula and fiber optics for illuminating the

surgical field placed in yet another cannula. General-

ly, these endoscopic procedures take place under in-

sufflation. As more is learned about endoscopic sur-

gical procedures and more instruments developed,

the type of procedures that may be performed endo-

scopically will increase. Presently, typical procedures

are gall bladder removal, tissue repair, hernia repair

and the like.

While endoscopic surgical procedures have sub-

stantial benefits to the patient, they do present cer-

tain problems to the surgeon conducting the proce-

dure. For example, because the active part of the in-

strument is further removed from the manipulative

part of the instrument, any slight movement ofthe ma-

nipulative part is magnified when it reaches the active

part. Hence, when placing and forming a staple in tis-

sue, the hand of the surgeon must be a lot steadier

during the endoscopic procedure than if that same
procedure was done during standard open surgery.

The same can be said when severing vessels or in-

cising tissue. Hence, in designing endoscopic surgi-

cal instruments, considerable effort is made to re-

duce the force required in order to operate or manip-

ulate the instrument and allow the surgeon to have

greater control over the instrument. Also, from an en-

gineering standpoint, considerable design engineer-

ing is required to permit function of the active portion

of the instrument given the physical limits of force and

5 stroke of the surgeon's hand. Another problem in en-

doscopic procedures is that since the access to the

surgical area is very limited, that is, through one or a

few small incisions in the body, the access to the ves-

sels, organs and tissue within the area in which the

10 procedure is to be accomplished is very limited.

Most endoscopic instruments developed to date

generate the larger forces required to drive staples

through tissue and form the staples by using various

mechanical levers, springs, or similar mechanical de-

15 vices. Generally, a shaft extends from the handle of

the instrument to the business end and linear forces

are generated by this shaft through various mechan-

ical means to drive staples through tissue or other-

wise manipulate the business end of the instrument.

20 In some instruments the shaft may be rotatable such

as disclosed in U.S. Patent 4,606,343 in order to

move or position various parts of the business end

with respect to each other. However, the forces re-

quired to drive staples through tissue and form the

25 staples in the tissue are still generated by springs,

levers, or other means which generate forces in a lin-

ear direction. In all instances, these forces are gener-

ated by the one manipulating the handle of the instru-

ment and require considerable energy be exerted in

30 order to apply the necessary forces.

Hence, it is desirable to produce endoscopic sur-

gical instruments that can carry out a desired proce-

dure; such as ligating vessels, stapling tissue, cutting

tissue and the like, without physical restriction on the

35 forces used to carry out these procedures and without

such increased forces disrupting the operation and/or

manipulation of the instrument. It is also desirable to

produce endoscopic surgical instruments that allow

for improved access to the surgical site; that is, the

40 business end of the endoscopic surgical instrument

may be moved about and positioned within the surgi-

cal site while still maintaining a single, small incision

commonly used with such instruments.

45 Summary of the Present Invention

What I have discovered is an improved endo-

scopic surgical instrument. The instrument has a han-

dle portion for manipulation outside the body and a

so business head for carrying out the desired procedure

within the body; that is, stapling tissue, ligating ves-

sels, cutting tissue and the like. The handle portion

and the business head are connected by a housing.

In the preferred embodiments of the present inven-

55 tion, the housing is flexible. Within the housing and

extending from the handle to the business head is a

rotatable drive shaft. In the preferred embodiments of

the present invention the rotatable drive shaft is flex-
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ible. There are means disposed in the business head

for translating the rotational forces, generated by the

rotatable drive shaft into non-rotational forces, usual-

ly linear forces, for applying sufficient force at the

business head of the instrument to cause fasteners to

pass through tissue to be joined, to form the fasteners

once passed through the tissue and/or cut the tissue.

In certain embodiments of the present invention,

the instrument includes steering means for the busi-

ness head which may abe manipulated by mecha-

nisms disposed in the handle portion. The steering

means may manipulate both the flexible rotatable

shaft and the business head to provide improved ac-

cess within the surgical site.

Detailed Description of the Drawings

Figure 1 is a perspective view of an endoscopic

instrument in accordance with the present invention.

Figure 2 is a longitudinal cross-sectional view of

the handle of the endoscopic instrument depicted in

Figure 1.

Figure 3 is detail of the gear reduction and as-

sembly and handle.

Figure 3a is a cross-sectional view taken along

line a-a of Figure 3.

Figure 3b is a cross-sectional view taken along

line b-b of Figure 3.

Figure 4 is a longitudinal cross-sectional view of

the shaft of the system depicted in Figure 1.

Figure 5 is an enlarged longitudinal cross-

sectional view of the business head of the instrument

depicted in Figure 1

.

Figure 6 is an enlarged longitudinal cross-

sectional view of the head of the instrument depicted

in Figure 5 with the head in a closed position.

Figure 7 is an enlarged longitudinal cross-

sectional view of the head of the instrument depicted

in Figure 5 with the head in a position of firing staples.

Figure 8 is an enlarged longitudinal cross-

sectional view of the head of the instrument of Figure

5 with the head in the closed position after firing sta-

ples.

Figure 9 is an enlarged cross-sectional view of

the head of the instrument depicted in Figure 5 with

the head in the open position after the staples have

been fired.

Figure 10 is a perspective view of another em-

bodiment of an endoscopic instrument in accordance

with the present invention.

Figure 11 is an enlarged longitudinal cross-

sectional view of the business head of the instrument

depicted in Figure 10 with the head in an open posi-

tion.

Figure 12 is an enlarged longitudinal cross-

sectional view of the head of the instrument depicted

in Figure 10 with the head in a closed position.

Figure 13 is a perspective view of a system incor-

porating an instrument of the present invention;

Figure 14 is a cross-sectional view of the head of

the endoscopic instrument depicted in Figure 13;

Figure 15 is a partial cut-away perspective view

5 of the handle portion of the instrument depicted in

Figure 13; and

Figure 16 is a partial cut-away perspective view

of the flexible shaft portion of the instrument depicted

in Figure 13.

10

Detailed Description of the Invention

Referring to the drawings, there is shown in Fig-

ure 1 a perspective view of an endoscopic instrument

15 30 of the present invention. The instrument has a

handle portion 40. Extending from this handle portion

is a housing 41 and at the end of the housing is a de-

sired head or business portion 42 of the instrument.

The head or business portion is that portion of the in-

20 strument which accomplishes a step in the surgical

procedure, whether that be ligating, stapling, cutting,

manipulating tissue or combinations of such steps.

The head and housing of the instrument are con-

structed so that they can be applied through the can-

25 nula of a trocar as is well known in endoscopy.

In the embodiment depicted in Figures 1 through

9, the head portion is a linear stapler and cutter; that

is, the head portion will place plural, parallel rows of

staples with the staples offset in adjacent rows. The

30 instrument will also operate a knife to pass between

two adjacent rows of staples. Such an instrument is

used to staple tissue together and cut the tissue be-

tween the stapled portions. Such instruments are

used in various types of surgical procedures such as

35 bowel and lung resections.

Figure 2 is an enlarged longitudinal cross-

sectional view of the handle portion of the instrument

depicted in Figure 1. In this embodiment, the handle

portion includes a small DC motor 45 attached to a

40 gear box 46. Extending from the gear box is a rotat-

able, flexible, drive shaft. The rotatable, flexible, drive

shaft extends substantially the length of the handle.

Also included in the handle and interconnected with

the DC motor are a suitable on-off switch 48 and a

45 switch 49 to control the power being supplied by the

motor. While in this embodiment the motor itself is in-

cluded in the handle, it should be appreciated that the

motor could be separate from the instrument with ap-

propriate connections so that a variety of instruments

so can be used with a detachable motor or power source.

As depicted in the cross-sectional views in Fig-

ures 3, 3a and 3b, the motor shaft 50 extends into the

center of the gear box 46. The gear box comprises

two sets of gears 51 and 52 which reduce the rotation

55 of the shaft 47 with respect to the motor at a ratio of

36:1 or other reductions as desired.

Referring to Figure 4, there is shown an enlarged

longitudinal cross-sectional view of the housing of the

3
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instrument shown in Figure 1 . In this embodiment, the

housing 60 is flexible. Through the centerof the hous-

ing, there extends a rotating, axially flexible, torsion-

ally stiff, drive shaft 61. The housing connects the

handle of the instrument to the head of the instrument s

and the flexible drive shaft is connected to the shaft

47 as shown in Figure 2.

Figures 5 through 9 are enlarged cross-sectional

views of the head portion of the instrument depicted

in Figure 1. The views depict the head of the instru- 10

ment in the open position prior to being placed on tis-

sue (Figure 5), in the closed position ready for firing

(Figure 6), during the firing action (Figure 7), after the

firing action has been completed (Figure 8) and in the

final open position (Figure 9) when the instrument 15

may be removed. In these figures, like parts are iden-

tified with the same numerals. The housing 70 of the

head is suitably connected to the shaft housing 60

either by a press fit or ultrasonic welding or other sim-

ilar means. Extending substantially the length of the 20

head and connected to the rotating drive shaft 61 is

a threaded rod 71 . The threaded rod has a larger di-

ameter portion 72 adjacent the drive shaft 61 and a

smaller diameter portion 73 for the remainder of the

threaded rod. The head includes a staple or staple 25

cartridge portion 74 and an anvil portion 75. The sta-

ple portion and the anvil portion are pivotally connect-

ed to each other by the anvil pivot pin 76. Mounted on

the larger diameter portion of the threaded rod is a

closure nut and extending from that closure nut 77 is 30

a closure pin 78 which moves in slot 79 disposed in

the pivotally anvil portion of the head. When the flex-

ible drive shaft rotates, the threaded rod also rotates

and on rotating the closure nut moves down the

threaded rod and moves the closure pin in the closure 35

slot to close the anvil portion against the staple por-

tion of the instrument. Tissue to be treated or manipu-

lated is placed between the anvil portion and the sta-

ple portion of the head of the instrument while the

head is in the open position. Power is applied to the 40

flexible drive shaft to rotate the drive shaft and the

threaded rod and close the anvil portion.

Mounted in the staple holding portion of the in-

strument is a removable staple cartridge 80. The car-

tridge holds four rows of staples 81 . The rows are par- 45

all el and in adjacent rows the staples are off-set as is

well known in the art. The cartridge is placed so that

it is opposite the anvil portion of the instrument and

snaps into the staple holding portion of the instrument

as shown. As depicted in the Figures, extending the 50

length of the staple portion of the instrument, is a

smaller diameter portion of the threaded rod. Mount-

ed on this rod to move along the rod as the rod rotates

is a knife member 82 and a driving wedge member 83

which are interconnected. The wedge member pre- 55

cedes the knife member as they move along the

threaded rod. As the wedge membermoves down the

threaded rod, it drives the staples out of the cartridge

via the individual staple drive members 84. The sta-

ples pass through the tissue and against the anvil to

form the staples in the tissue. The knife 82 following

the driving wedge cuts the tissue between adjacent

rows of staples. The driving wedge is actually two

pieces; that is, it has one wedge piece on one side of

the knife to drive the staples on that side of the knife

and a similar wedge piece on the opposite side of the

knife to drive the staples on that side of the knife.

When the anvil portion 75 is closed as shown in Fig-

ure 6, the closure nut 77 moves a stop member 85 for-

ward so that the firing member 86 on which the knife

82 and wedges 83 are disposed is moved forward and

engages the threads of the smaller diameter portion

73 of the threaded rod to move forward along the rod

and drive the staples 81 and cut tissue. The firing

member 86 is biased using a suitable means so as not

to engage the threaded rod until the stop member is

activated. Once the firing member has moved to its

most forward position to drive and form all of the sta-

ples and cut tissue, it engages a suitable contact 87

which immediately reverses the motor to retract the

firing member. In its fully retracted position, the firing

member 86 moves the stop member 85 rearward ly

causing the closure nut 77 to retract and open the an-

vil portion 75 of the head of the instrument.

As shown in Figures 1 0 through 1 3 there is shown

an endoscopic intraluminal stapling instrument. As
shown in Figure 10, the intraluminal stapling instru-

ment 100, comprises a centrally disposed longitudin-

ally extending endoscopic section 105. Disposed at

one end of the section is the business end 102 of the

instrument which carries a circular array of tissue fas-

teners. Removably attachable to this business end is

the anvil portion 103 of the instrument which is used

to secure the fasteners after they have been placed

through tissue to be joined. At the opposite end of the

endoscopic section is the handle 104 of the instru-

ment. The handle may be attached to a suitable pow-

er means (not shown) as will hereinafter be ex-

plained. In use, the business end of the instrument

may be passed completely through one end of the

vessel to be joined. The other end of the vessel to be

joined is slipped over the anvil. The section ofthe ves-

sel slipped over the anvil is tied about the circular

shaft 105 with a purse string suture as is well known

in the art. The opposite end of the vessel to be joined

is also tied with a purse string suture about the fas-

tener head shaft 1 06. The anvil is then attached to the

head of the instrument and the instrument fired to

form a circular array of staples joining the two vessel

ends. A knife, disposed in the head of the instrument

may then be actuated to cut away excess tissue in-

side the lumen of the joined vessel.

As is more clearly shown in Figures 11 and 12,

the business end or head of the instrument comprises

a staple or fastener carrying portion 110 and a de-

tachable anvil 111. Figure 11 shows the anvil detach-

4
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ed from the head of the instrument and Figure 12

shows the anvil attached to the head of the instru-

ment. On the anvif head there are contained a plural-

ity of depressions 112 displayed circumferentially

around the anvil head. These depressions corre- s

spond to the staples 113 or fasteners held circumfer-

entially within the head. The anvil may be placed with-

in the lumen of tissue to be joined and the tissue tied

down about the shaft 114 of the anvil using a purse

string suture. The shaft of the anvil is then pressed 10

on to the trocar 115 so that the indentation 116 in the

anvil fits the indentation of the trocar. There is a suit-

able alignment mechanism on the trocar and the anvil

shaft to insure that the staples in the business head

will align with the depressions in the anvil head. The 15

business head of the instrument includes a centrally

located trocar 115 which is longitudinally movable

along the longitudinal axis of the business head. The

trocar is a solid shaft 11 9 which has a pointed piercing

end 120 at one end thereof. The opposite end of the 20

trocar shaft carries a threaded member 121 attached

to the trocar shaft. The threaded member rides in a

hollow tube 122 having its inside surface appropriate-

ly threaded so that the member rides along the

threaded surface. The inside threaded hollow tube is 25

keyed to the rotatable shaft that extends down the en-

doscopic section of the instrument so that both rotate

together. As they rotate in one direction, the threaded

member on the trocar shaft will move forwardly ex-

tending the trocar to its most forwardly extended pos- 30

ition as seen in Figure 11. When they rotate in the op-

posite direction, the trocar shaft will be retracted to a

closed position as seen in Figure 12. Attached to the

end of the hollow inside threaded tube opposite the

end keyed to the rotatable shaft is a second threaded 35

hollow tube 123. However, this tube is threaded on its

outside surface and is threaded in the opposite direc-

tion to the threads on the inside of the hollow tube

122. Furthermore, the pitch of the threads on the out-

side of this hollow section are less than the pitch of 40

the threads on the inside of the hollow tube. A thread-

ed nut 124 fits over this outside threaded tube. The

business end of the instrument carries a circular array

of staples. Disposed inwardly of this circular array of

staples is a circular knife.Astaple and knife driver 125 45

is positioned in the head to drive the staples and knife.

When the rotatable shaft is rotated so as to retract the

trocar and bring the anvil head down on to the busi-

ness end of the instrument, the threaded nut on the

outside threaded hollow section moves forwardly un- so

til it engages the driver. As the rotatable shaft contin-

ues to rotate, the threaded nut drives the staples

through the tissue placed between the anvil and busi-

ness end to join the tissue. Thereafter it also drives

the knife through the tissue to cut inwardly extending 55

tissue that is purse stringed down around the anvil

shaft. The rotatable shaft is then reversed which al-

lows the threaded nut to move back towards the han-

dle of the instrument and the trocar to move forward-

ly, open the anvil and open the instrument so that it

may be removed from the now fastened lumina.

The handle of the instrument depicted in Figures

11 and 12 is similar to the handle described and de-

picted with regard to Figure 2. One end of the handle

attaches to the endoscopic section. The rotatable

shaft which extends down the endoscopic section ex-

tends into the handle and is attached to a set of plan-

etary gears. The opposite side of the planetary gear

train is attached to a shaft having a hexagonal slot or

key that an appropriate power source may be inserted

into the hexagonal slot to drive the planetary gear

train. The planetary gear used provides a gear reduc-

tion of approximately 90:1 for the rotatable shaft

Rotatable flexible shafts are available from a

number of manufacturers such as the Stow Manufac-

turing Company, the Suhner Manufacturing Corpora-

tion, and SS White Industrial Products Corporation.

The shaft will be 8 to 10 inches long and should be

as small a diameter as suitable forwhatever operation

is to be carried out. The casing for the shaft must be

constructed so that the free end of the shaft will resist

whatever torque is being applied in the operation of

the instrument. The magnitude of the torque will, of

course, vary as to the type of operation of the instru-

ment (i.e., stapling, cutting, etc.) but the deflection of

the casing should be kept to a minimum. The connec-

tion of the shaft to the drive should be as simple as

possible.

A steerable embodiment of the endoscopic in-

strument of the present invention is depicted in Fig-

ures 13 through 16. The system depicted consists of

a microprocessor 200, a tether 201 connecting the mi-

croprocessor to an electromechanical circular stapler

202 of the present invention.

The microprocessor serves as a power supply for

the electronics of the system as well as the supply for

the DC voltage and current necessary to cause rota-

tion of the motor 203 housed in the handle 204 of the

stapler.

The microprocessor contains the componetry

necessary to supply the proper voltage and current as

well as the circuity necessary to control the logical se-

quence of steps of a complete cycle ofthe stapler. The

logical sequence is controlled along with the other

switches and sensors and components of the system.

The head 205 of the stapler contains electronic

sensors which detect motion of the staple forming and

tissue cutting components located within the head.

The electrical switches 206 and 207 on the handle of

the stapler control the flow of electric power between

the microprocessor, motor, and sensors in the head of

the stapler. Electrical conductors running in sheaths

208 along the neck of the shaft of the stapler, within

the handle of the stapler and the tether connecting the

microprocessor to the stapler, conduct the electric

current used throughout the system.

5
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When switch 206 is depressed, it allows current

to flow to the motor and causes its main shaft to turn

in a counter-clockwise direction. This rotation is

passed through the drive train to the power nut 209

in the head and to the mating thread on the bottom of

the trocar 2 10. This motion increases the staple form-

ing gap by raising the anvil and/or extends the point

of the trocar past the top plane of the head of the sta-

pler. The anvil 211 and anvil shaft can be removed as

an assembly from the trocar when the staple forming

gap is relatively large.

When switch 207 is depressed, it allows current

to flow through the motor and turn the output shaft in

a clockwise direction. This direction of rotation has

the opposite effect so the staple forming gap will de-

crease in size as the anvil approaches the top plane

of the stapler head and the trocar will retract within

the head of the stapler.

This closing motion is stopped by a limit switch

212 within the head when a predetermined and con-

trollable staple forming gap is reached between the

top plane of the head of the stapler and the bottom

side of the anvil.

Until such time that the limit switch contacts are

switched, and before the predetermined staple form-

ing gap is reached, the fire switch 213 on the handle

is electrically inoperative. The instrument will not

form staples or move the knife forward while the sta-

ple forming gap is above a predetermined distance.

Once the proper and predetermined staple form-

ing gap has been reached, the fire switch 21 3 is made
operable by the same limit switch 212 and associated

circuitry. Once operable pressing the fire switch will

cause current to flow to the motor so that its rotation

causes the staple drivers and circular cutting knife to

advance toward the anvil on the mating .025 in. pitch

threads, pushing the staple through the tissue and

clinching the tissue while cutting it with the circular

knife 214.

Inductive sensor 215 will sense the number of

times the magnetic media 216, attached to the power

nut, passes in close proximity to it, and sends electri-

cal signals down the neck of the instrument, through

the tether and on to the microprocessor. The micro-

processor will convert these signals into equivalent

revolutions of the power nut which is synchronized to

the pitch of the threads and hence, the distance the

drivers and knife must advance to complete the form

and cut steps of the cycle.

After the required number of revolutions of the

power nut is counted by the microprocessor, it will

stop the motor rotation and restart it in the opposite

direction so that the knife is retracted back into the

head and the staple forming gap is increased in an

amount such that the stapled and cut tissue can easily

be removed from the stapler.

The motor 203 is a DC permanent magnet motor

whose output shaft is connected to a planetary gear

train within the gearhead 221. The combination of

gear diameters within the gearhead, through which

the rotation must be transmitted, slows the rotational

speed in an approximate 1:90 ratio. As the speed of

5 rotation is decreased, the torque (turning force) at the

output shaft of the gearhead is increased roughly in

the same inverse 90:1 ratio. This torque is then

passed through the drive shaft and into the stapler

head which contains the mechanical components

10 which form the staples and cut the tissue via threads

and rotary motion. The combination of rotational

speed reduction and thread pitch sets the speed at

which the trocar will open and close as well as the

speed at which the staple and tissue cut functions are

15 completed. The rotational speed is selected and set

so that the instrument operates at a speed that the

operator finds convenient

The drive shaft 222 is a braided wire cylindrically

shaped component that has ends configured so that

20 one end is easily attached to the output shaft of the

gearhead and the other end to the power nut 207

within the head of the stapler near the base of the sta-

pler head. The drive shaft is of braided construction

so that it is transversely flexible while torsionally

25 much more rigid. These qualities allow the shaft to

bend easily along its length while being rigid enough

to transmit the torque necessary to cause the compo-

nents within the head to turn and thus to form the sta-

ples and cut the tissue.

30 The above described flexible drive shaft is

housed within a similarly flexible outer housing 223.

This outer housing protects the patient from contact

with the rotating drive shaft and also resists the tor-

que of the drive shaft so the necessary torque can be

35 applied to the components within the head. If the flex-

ible drive shaft housing were not torsionally rigid, the

transmitted torque would twist the outer housing and

tend to rotate the head of the stapler the same amount

as the housing twists which is undesirable.

40 The flexible drive shaft housing ends each have

a coupling means which allows easy but firm attach-

ment to the handle of the stapler and to the base of

the stapler head.

The flexible drive shaft housing can be construct-

45 ed using special pivoted steering knuckles 224 which

can aid in the positioning of the flexible shaft and sta-

pler head to the sight where the stapling will be done.

The steering system consists of a flexible drive shaft

outer housing with the pivoted steering knuckles all

50 along its length or at desirable intervals along its

length. Steering wires 225 run from the handle to at-

tachment points on the steering knuckles. Arotatable

knob 226 is disposed on the handle and the steering

wires are connected to the rotatable knob. Sheaths

55 227 run up and down the length of the flexible drive

shaft housing for the steering wires to slide within.

The steering wires are attached to one or more of the

steering knuckles.

6
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Rotation of the steering knob on the handle caus-

es the steering wires mounted on opposite sides of

the steering knob shaft and pulley 228 to be pulled

partially into the handle or to be pushed partially out

of the handle depending on the direction of rotation of 5

the steering knob. As the wire is pulled into the handle

and through the sheath, the end of the wire which is

attached to one of the steering knuckles pulls the

knuckle in the direction of the pull and, hence,

changes the position of the knuckle and the head or 10

neck of the instrument This direction and position

change allows for steering of the head.

There can be several sets of steering wires. Each

set of steering wires can be attached such that they

pull on different knuckles. These knuckles can be fab- 15

ricated so that the pivots which connect one knuckle

to the next are oriented so that the direction of rotation

is through a different plane than other knuckles in the

housing. The fact that steering can occur along differ-

ent planes means that increased degrees of steering 20

and, thus, increased control over position of the head

of the stapler can be achieved.

A substantial advantage to utilizing the knuckles

as shown, to steer the instruments of the present in-

vention, is that the knuckles are hollow and allow the 25

incorporation of various mechanisms within the flex-

ible housing without increasing the diameter of the in-

strument This is especially important in endoscopic

procedures where it is desirable to keep the size of in-

struments minimal and use as small diameter trocars 30

as possible.

While the invention has been described by way of

preferred embodiments, it will be evident that other

adaptations and modifications may be employed

without departing from the spirit and scope of the 35

present invention.

Claims

40

1. An instrument for applying fasteners to tissue

during endoscopic surgery, said instrument com-

prising a handle portion for manipulation outside

a body of a mammal, a business head for apply-

ing a fastener to tissue within the body of said 45

mammal and a housing portion connecting said

handle portion to said business head, said hous-

ing portion having a rotate ble drive shaft dis-

posed therein and extending from said handle

portion to said business head, said drive shaft be- so

ing torsionally stiff to generate sufficient force to

drive a fastenerthrough tissue and apply said fas-

tener to the tissue, and means disposed in said

business head for translating the rotational for-

ces of the drive shaft into non-rotational forces for 55

applying said fastener.

2. An instrument according to Claim 1 wherein the

means disposed in said business head for trans-

lating the rotational forces of the drive shaft

translates said rotational forces into linear forces

for applying said fastener.

3. An instrument according to Claim 1 wherein the

means disposed in said business head for trans-

lating the rotational forces of the drive shaft into

non-rotational forces translates said rotational

forces into reciprocating forces for applying said

fastener.

4. An instrument according to Claim 1 wherein the

handle includes means for rotating said rotatable

drive shaft.

5. An instrument for applying fasteners to tissue

during endoscopic surgery, said instrument com-

prising a handle portion for manipulation outside

a body of a human, a business head for applying

a fastener to tissue within the body of said human

and a flexible housing portion connecting said

handle portion to said business head, said flex-

ible housing portion having a rotatable, axially

flexible, torsionally stiff drive shaft disposed

therein and extending from said handle portion to

said business head to generate sufficient forces

to drive a fastener through tissue and apply said

fastener to the tissue.

6. An instrument according to Claim 5 which in-

cludes means disposed in said flexible housing

and extending substantially the entire length of

said flexible housing for controlling the position of

the flexible housing and business head with re-

spect to said handle portion.

7. An instrument for applying fasteners to tissue

during endoscopic surgery, said instrument com-

prising a handle portion for manipulation outside

the body of a human, a business head for apply-

ing a fastener to tissue within the body of said hu-

man and a flexible housing portion connecting

said handle portion to said business head, said

flexible housing portion having an axially flexible,

torsionally stiff rotatable drive shaft disposed

therein and extending from said handle portion to

said business head to apply sufficient force to

said business head to apply a fastener to tissue,

means disposed in said flexible housing for con-

trolling the position of said business head with re-

spect to said handle portion and means disposed

in said business head for translating the rotation-

al forces of the drive shaft into non-rotational for-

ces for applying said fastener.

8. An instrument according to Claim 7 wherein the

means disposed in said business head for trans-

7
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lating the rotational forces of the drive shaft

translates said rotational forces into linear forces

for applying said fastener.

9. An instrument according to Claim 7 wherein the

means disposed in said business head for trans-

lating the rotation forces of the drive shaft trans-

lates said rotational forces into reciprocating for-

ces for applying said fastener.

10. An instrument according to Claim 7 wherein the

handle includes means for rotating said drive

shaft.
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